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IN-LINE VOLTAGE PLANE TESTS FOR
MULTI-CHIP MODULLES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to the manufacture
and testing of electronic circuit modules which include a
plurality of integrated semiconductor chips and, more
particularly, to the testing of modular circuit structures
during the course of manufacture and within an automated
manufacturing line.

2. Description of the Prior Art

It has long been recognized that high density of integra-
fion of electronic circuits on semiconductor chips yields
substantial economy of manufacture so long as manufactur-
ing yield can be maintained since many more electronic
clements can be formed and connected during the necessary
process steps. At the same time, performance 1improvements
arc realized since connections of reduced length have
reduced capacitance and accordingly reduced signal propa-
gation time and susceptibility to electrical noise. The same
economies and performance i1mprovements accrue to
arrangements for connecting multiple chips for the same
reasons.

In order to realize such advantages in arrangements for
connecting plural integrated circuit chips, so-called multi-
layer modular (MLM) packages have been developed in
recent years. Such packages are, at the present time, gener-
ally rectangular and between 40 mm and 125 mm on a side
and can accommodate from as few as two to several hundred
chips. These packages are comprised of a plurality of
lamina, each having a pattern of connections formed thereon
and providing apertures known as vias which are filled or
lined with metal or conductive paste or other conductive
material such as plated metal to provide connections from
one layer of conductive pattern to another. These lamina
carrying conductive patterns and vias are aligned with each
other in a stack and bonded together (e.g. by sintering if the
lamina are ceramic, thermoplastic bonding 1f of polyimide
and the like 1n accordance with the material of the lamina)
to form a mechanically robust network of finely spaced

connections embedded 1n a solid body of material, referred
to thereafter as a substrate.

For numerous manufacturing reasons, vias and conduc-
tors on or 1n the substrate are generally provided at a pitch
which 1s significantly larger than the pitch of connection
pads on chips through the major portion of the body of an
MLM device. Stmilarly, the connection pads to which pins
may be later attached for connecting the module to a circuit
board, another substrate or the like may be at a different
pitch (either larger or smaller) or pattern than vias and
conductors carrying power and signals within the substrate.
Accordingly, it 1s customary to provide a plurality of addi-
fional layers or lamina, generally of a polyimide thin film
construction, on the top and bottom surfaces of the multi-
layer module substrate (e.g. a multi-layer ceramic portion in
multi-layer ceramic (MLC) packages) principally to provide
alteration of connection pad spacing or pattern, sometimes
in plural stages. Such layers are generally referred to as
“distribution” or “redistribution” layers.

The complexity of MLMs makes provision for testing and
repair (referred to as engineering changes (ECs)) during
manufacture very desirable since the patterns on the lamina
and via filling 1s generally accomplished by relatively
expensive 1ndividual screening processes. While connec-
tions and connection pads are very dense, small and closely
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2

spaced, 1t 1s usually possible to provide redundant connec-
tion structures which are accessible by mechanical auto-
mated repair apparatus as part of the design. Thus, repair of
marginal or defective connections can avoid loss of the
economic cost of manufacturing processes prior to testing
when a marginal or defective connection 1s found.
Conversely, detection of a module substrate which cannot be
repaired allows the cost of further processing of a substrate
which must eventually be discarded to be avoided.

In recent years, however, the performance of integrated
circuit chips has advanced to the point where connections
through the distribution layers to the major (substrate)
portion of the MLLM package (where complex interconnec-
tions are generally formed) may be of excessive length for
numerous critical signal paths. Therefore, 1t has become the
practice to include connections for at least some of such
critical signal paths within the distribution layers rather than
the substrate in order to shorten the required connections.
Connection patterns 1n the distribution layers have thus
become markedly more complex and more densely popu-
lated with conductors. Testing of these more complex layers,
particularly at points during manufacture when repair 1s
most likely to be possible, has become correspondingly
more 1ntricate and stringent. Increased numbers of thin film

distribution layers increases the required number of tests, as
well.

It 1s desirable, during such testing, to test the entirety of
the modular device assembled up to the point of the test.
That 1s, all wiring or connection layers which have been
assembled up to the point of the test should be tested
together. Such tests should be run at intervals of no more
than a few lamina (and preferably at each thin film lamina
level) so that engineering changes can be made most simply
or, 1 not possible to correct the condition of the structure, so
that few, 1f any, further process steps will be carried out on
a structure beyond the processing which produced the
irreparable defect.

From the accommodation of multiple chips and the nomi-
nal dimensions of the modular package structure alluded to
above, 1t can be understood that a much larger area must
meet functional requirements than 1s mvolved on a single
chip. To test the functionality of the device over such an
arca, connections must be made to the so-called voltage
plane or bottom surface metallurgy (BSM) pads which will
eventually receive the pins to attach the module to the device
in which 1t will be placed 1n service. One of these tests 1s a
so-called voltage plane test which 1s principally directed to
determining 1f certain extensive connections running
throughout the substrate and distribution layers are shorted
to each other or to other connections.

Generally, 1t i1s desirable that the testing of modular
package structures be performed without removing the mod-
ule from the manufacturing line (and thus is referred to as
“In-line” testing) to preserve alignment within automated
manufacturing devices and to avoid incidental damage and
contamination due to additional handling of partially com-
pleted packages. In-line testing also preserves potential
throughput of the manufacturing line even when numerous
tests must be done at a number of points in the manufac-
turing process since only the time of the test, itself, is
required and interference with the manufacturing line to
remove and re-insert structures 1s avoided. Voltage plane
tests are among a series of standard tests which are prefer-
ably performed as in-line tests.

It should be appreciated, 1n this regard, that while con-
nections may also be made to the top surface connections
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(referred to as top side metallurgy) of the module being
manufactured for a single particular test or test series,
additional lamina may later be placed thereon and any
damage to the conductive pattern due to the connection to
top surface metallurgy (TSM) patterns occasioned by the
test may generally be repaired. In contrast, temporary con-
nections must be repeatedly made to the BSM pads for a
plurality of tests and, for that reason, at the current state of
the art, the BSM pads remain exposed through the further
lamination and chip attachment TSM processes. Either the
repeated formation of temporary connections for testing or
the exposure during manufacturing processes or a combi-
nation thereof often results in mechanical and/or chemical
damage to and/or contamination of the BSM pads reducing
yield or requiring rework during subsequent pin attachment
(e.g. brazing) processes. Damage to the connection pads
may also compromise tests which may be performed as the
package structure nears completion and unnecessarily fur-
ther reduce manufacturing yield after most of the cost of
completion of the package has been incurred.

While BSM connection pads could theoretically be cov-
ered during TSM lamina processing steps, any such covering
must be removed, opened or pierced prior to or as part of
further testing. Placement and removal of such a covering or
portions thereof can also be a source of damage to the BSM
connection pads. Further, covering of the pads during pro-
cessing for addition of distribution layers does not address
the 1ssue of damage to BSM pads due to repeated formation
of temporary connections for testing. In this regard, the
metallurgy of BSM pads can not generally be altered to
make them more chemically and/or mechanically durable
during manufacture and testing incident thereto without
compromising the pin attachment process. Provision of
redundant pads within the array of BSM pads 1s inconve-
nient 1n regard to development of convenient and desirable
connection pin configurations and occupies module connec-
tion pad space while necessarily preventing minimization of
connection length and would require additional redundant
wiring within the MLM which would occupy valuable
wiring area, locations and volume.

Formation of redundant connections for engineering
changes alluded to above generally includes the formation of
so-called EC or dog-bone pads on the surface of the package
structure (at appropriate points during the manufacturing
process) which are at intermediate locations along many
conductors in the design, including redundant conductors
and which are accessible when repairs may be needed and
performed. Such EC pads are essentially a pair of pads
placed close together and connected by a narrow strip of
conductor. The pads are of a size which 1s accessible by
automated connection forming machinery while the narrow
conductor 1s dimensioned to be readily destroyed by laser
ablation processes, mechanical cutting or the like, including
fusing by application of high current.

Thus, potentially any portion of potentially any conductor
and/or redundant conductor 1n the design can be 1solated
from the remainder of the conductor and new connections
made such as to substitute a portion of any convenient
redundant conductor. Nevertheless, 1t should be recognized
that such formations as EC pads are intended only for the
formation of permanent connections (as opposed to
repeated, temporary connections of test pads) and then only
as needed for repair of other connections 1n the module.

It 1s also known to provide test connections for individual
chips on a water so that electrical properties of the individual
chips can be determined prior to dicing of the wafer into
such individual chips. However, to avoid increasing required
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4

chip space, such test connections are generally made 1n the
kert areas of the wafer which will be consumed by the dicing
process. Therefore, test connections do not ordinarily exist
at the mdividual chip or package level. Further, processing
of and connections to waters involve only a single side of the
waler; specific areas of which can generally be masked and
opened as may be necessary. Accordingly, chemical and
mechanical damage and contamination of connections dur-
ing processing does not generally present a problem since a
covering layer may be readily applied and removed without
damage to metallization. In any event, testing prior to
completion or dicing of a chip i1s generally limited to
screening for process-related defects at the wafer level.
Additionally, at the individual chip level, temporary test
connections are not generally made to the chip itself but
rather are made to lead frames, solder preforms or bumps or
the like which are permanently connected to contact pads on
the chip.

Additionally, 1t 1s often desirable to perform other types of
tests such as metallurgical or adhesion tests on connection
pads. However, pads which are needed for mounting of pins
and connections to the circuit package would necessarily be

damaged by metallurgical and mechanical tests since such
tests, by their nature, generally involve the application of
potenfially destructive forces or the removal of material.
Tests on other structures such as metallization specifically
provided for such testing may not provide reliable informa-
tion since their function as connectors 1s not testable because
they are not generally connected to the circuitry of the
package and processing differences, such as heat exposure
during pin brazing, may affect the properties being tested.

It 1s also becoming more desirable to provide for diag-
nostic testing of an installed electronic circuit package as
package complexity increases since increased complexity 1s
ogenerally reflected 1n the number of connection pins on the
package. An 1ncreased number of connection pins increases
the potential for damage to one or more pins or the package
itself during removal of the package from a device in which
it 1s 1nstalled, connection to and/or disconnection from a
tester and reinsertion i1nto the device. Increased integration
density allows some diagnostic circuitry to be placed in the
package, 1f desired, but pin locations to extract signals from
the package are often not available and cannot be efficiently
provided 1n any event since the anticipated low frequency of
such testing does not justify the package space required or
the manufacturing costs of adding dedicated pins on the
package.

In summary, no alternative has been available 1n the art to
avold exposure of BSM pads during MLM package manu-
facture consistent with avoidance or limitation of damage to
BSM pads and compromise of pin attachment processes
while permitting repeated in-line testing at points in the
manufacturing process and/or line at which repairs may be
most readily carried out. Additionally, the current trend
toward 1ncreased complexity of connections and number of
lamina used 1n TSM thin film distribution layers and testing
incident to 1ts manufacture and rework increases the poten-
fial for damage and/or contamination of BSM pads in
modern MLM and MLC packages as well as their cost of
manufacture which 1s put at risk by such damage or con-
tamination. Further, no alternative has existed for avoiding
provision of separate structures for electrical, mechanical
and chemical/metallurgical testing or for testing the package
after 1t 1s placed 1n service.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an arrangement for voltage plane testing which permits
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avoldance of damage and contamination of connection pads
of electronic circuit packages during manufacture.

It 1s another object of the invention to provide for 1n-line
testing as well as any or all of electrical, mechanical,
chemical/metallurgical testing and field testing and diagnos-
fics with a single structure which can be formed without
significant additional manufacturing processes.

It 1s a further object of the invention to provide for use of
test pad materials which are different from and may not be
suitable for active circuits of an electronic circuit package.

It 1s a yet further object of the invention to provide
electrical contacts for through-substrate interconnections for
defining contact patterns for electroplating.

In order to accomplish these and other objects of the
invention, a method of manufacturing a multi-layer modular
electronic circuit package 1s provided including the steps of
forming an array of pads and an additional pad, electrically
connected to a pad of the array of pads, outside the array of
pads on a first surface of a multi-layer interconnection
structure, applying a protective layer over the array of pads,
applying a layer including an electrical connection on a
second side of the multi-layer interconnection structure,
making a temporary connection to the additional pad for
testing of at least the layer, removing a portion of the
protective layer, and completing the multi-layer modular
clectronic circuit package.

In accordance with another aspect of the invention, a
multi-layer electronic circuit structure 1s provided including
an array ol pads on a surface of a layer of the multi-layer
interconnection structure, a test pad on the surface of a layer
of the multi-layer interconnection structure, and an electrical
connection between the test pad and a pad of the array of
pads whereby the array of pads may be protected while
temporary connections are made to the test pad.

In accordance with a further aspect of the invention, a
multi-layer electronic circuit package 1s provided mncluding
an array ol connection structures on a surface of the elec-
tronic circuit package including a pad on a surface of a layer
of said multi-layer electronic circuit package, a test pad on
a layer of the multi-layer electronic circuit package located
outside the array of interconnection structures, and an elec-
trical connection from the test pad to one of the connection
structures of the array of connection structures.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
description of a preferred embodiment of the invention with
reference to the drawings, in which:

FIG. 1 is an exemplary bottom surface metallurgy (BSM)
pattern including the invention in plan view,

FIG. 2 1s a cross-sectional view of a BSM and test pad
structure with an internal test pad connection 1 accordance
with the invention, and

FIG. 3 1s a cross-sectional view of a BSM and test pad
structure with a test pad connection on a surface of a
multi-layer substrate 1n accordance with the mvention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to
FIG. 1, there 1s shown an exemplary bottom surface metal-
lurgy (BSM) pattern 10 for a multi-layer modular circuit
package mcluding the invention. Contact pads 40 are pret-
erably of a common shape; the octagonal shape 1illustrated
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being particularly convenient and electrically preferable for
providing regularity of spacing therebetween. As 1s gener-
ally customary, the pattern 1s divided into two or more
sections 20, 30 (four such sections being illustrated) of
closely spaced contact pads 40 separated by 1nactive regions
50. A similarly inactive margin 51 1s generally provided
between the active regions 20, 30 and the edge 52 of the
package substrate 53. It should be understood that a similar
pattern but possibly having smaller capture pads at a finer
pitch and divided into more numerous areas corresponding
to individual chip sites would If be provided in top surface
metallurgy (TSM) on the substrate or in distribution lamina
and the mvention may also be applied to such TSM while

forming BSM layers, if desired.

In accordance with the invention, test pads 60 are pro-
vided 1n the mactive regions 50 and/or margins 51 and
connected to selected connection pads 40 by connections 70
which may be on the surface of the substrate 53, as shown
in FIG. 3, or internal thereto, as shown in FIG. 2. In general,
internal connections are only required or preferred when
connection must be made to connection or pin mounting
pads 40 on the interior of active regions 20, 30 and surface
connections are generally preferred for connection to pads
on the boundaries of active regions, as shown. Desired
connections can generally be brought to any location 1n an
active region 20, 30, such as pads at the boundary of active
regions by suitable design of the lamina of the substrate and
internal connections should, 1n theory, be seldom required.

However, many manufacturing and package design con-
siderations may be 1mnvolved 1n choice of internal or surface
connections 70. For example, test pads 60 and connections
70 can be formed on the multi-layer substrate surface in the
same process step used to form pin mounting pads 40 but
formation 1n the same process limits the composition of the
test pads 60 and connections 70 to the same material as pads
40. However, a different material (or a covering of one or
more additional layers of material) may be desired for test
pads 60. A different material may be especially usetul if the
environment or chemicals to which the product 1s exposed
for top side metallurey manufacturing may damage the
bottom side structure or 1f the material required for pads 40
1s not preferred for testing. Under such conditions, addi-
tional process steps such as plating, evaporation or the like,
as may be appropriate to materials of the desired chemical
or mechanical robustness may be used to add further surface
layers test pads 60 and/or connections 70. Further, the test
pads 60 and/or connections 70 could be enftirely made of
different material than pads 40. In either case, suitable
methods appropriate to the materials will be evident to those
skilled 1n the art in view of the present description of the
invention.

Referring now to both FIGS. 2 and 3, a representative
small portion of the multi-layer modular circuit package
structure is schematically (e.g. including singular, represen-
tative structures) illustrated in cross-sectional view. The
plurality of lamina 53' in multi-layer substrate 53 include a
connection formed by a pattern portion 80 formed on a
lamina surface by, for example, screening, as described
above, and portions 90 formed by, 1n this case, paste filled
vias 1n the respective lamina although metal plating could be
used.

The top side interconnect structure 110 1s also a layered
structure preferably formed by a plurality of thin film lamina
55 by known techniques. The multiple connections are
illustrated as progressing at an angle between a top side
pattern pad 111 and a capture pad 54 to depict geometry
characteristic of distribution layers or “wiring” as well as
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intermediate connection layers (e.g. 112) for critical signal
paths as alluded to above. Similar but somewhat simpler
bottom side distribution wiring 120 may be provided 1n a
similar, possibly multi-layer structure 56 to make connection
to BSM pad 40 1n which case pad §7 may directly overlay

pad 40.

In accordance with the embodiment of the invention
depicted 1n FIG. 2, a connection 70a 1s formed through and
across some of the lamina to connect pad 40 to test pad 60
in the same manner as and concurrently with connection 80,
90, described above. Of course, the connection need not be
made directly to pad 40 but can be connected at any point
along the node including any point of connections 80 and 90.
In FIG. 3, a connection 70b 1s preferably formed after
completion of the substrate (preferably by physical evapo-
ration deposition using an evaporation mask patterned to
include apertures corresponding to test pads 60 and connec-
tions 70 as well as pads corresponding to 40) but prior to
application of the BSM thin film layers, if used (though
preferred), by any suitable surface deposition technique as
will be apparent to those skilled 1n the art. Such alternative
techniques may mclude lithographic patterning followed by
plating or etching or screening of a conductive paste.
Preferably, as alluded to above, if no internal connections
70a are required and the same material used for pads 40 1s
acceptable, formation of connections 705 and pads 60 1s
advantageously accomplished concurrently with deposition
and patterning of pads 40. However, as alluded to above, use
of layer 56 and pad 57 permits different metallurgy for pads
40 and 57 and also can advantageously provides relief of
high stresses which may be caused 1n the course of later pin
brazing processes.

If desired, as 1s considered to be preferable to provide a
recessing of test pads 60 so that they may be left 1n place on
the package, 1n either of the variations of the invention
illustrated 1 FIGS. 2 and 3, 1t 1s preferred to form test pad
60 prior to application of the BSM thin film layers, although
test pad 60 could also be applied after patterning of the
protective layer 130 and the BSM thin film layers 56.
Whether or not one or more BSM thin film layers are
employed, a protection layer 38, preferably of a polyimide
or other material which 1s substantially inert to materials
employed 1n TSM processes 1s applied to cover BSM pads
40 or 57 while test pads 60 are exposed, preferably by laser
ablation or lithographic patterning after protective layer 58
1s applied. In this regard, 1t 1s considered a desirable feature
of the invention to provide redundant test pads 61 (FIG. 1)
connected to test pads 60, particularly 1f the same metallurgy
as 15 used for test pads 40 1s used since test pads 60, 61 are
always subject to damage during testing and TSM processes.
Therefore, if connections are 1nitially made to redundant test
pad 61 and that test pad becomes damaged, pad 60 can be

exposed (again, preferably by laser ablation) and used
thereafter.

Once the mechanically and/or chemically robust protec-
five layer 58 1s 1n place, TSM thin film processes inter-
spersed with voltage plane test processes and “ton-site” or
in-line repairs, 1f necessary, may be carried out. At the
completion of formation of the TSM thin film layers, pro-
tective layer 58 may be removed or simply opened at pads
57 (or 40, if BSM thin film layers 56 are not employed) and
the package completed by the addition of chips by connec-
tion to the TSM (and, for example, pins to the BSM). Any
packages which could not be repaired will have been dis-
carded and the substantial cost of further processing of the
package will only be incurred when the TSM and substrate
layers are known good and the BSM pads will have been
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1solated from potential damage while forming the TSM
layers and the making of that determination.

It should also be noted as a perfecting feature or alterna-
tive use of the present invention, test pads 60, 61 may be
useiul 1in the formation of the TSM thin film layers as well
as 1n the testing thereof. For example, it may be desired to
provide plating on one or more layers of TSM connections
or otherwise modify the metallurgy thereof after conductive
patterns are placed on the respective lamina. In view of the
reduced spacing in TSM distribution layers, surface connec-
tions rather than discrete wires may be desired for additional
(e.g. EC) connections. Likewise, surface treatments of TSM
pads may be desired. For such purposes, test pads 60, 61,
which may be arranged for voltage plane tests may also be
used to provide for a current through TSM pads for purposes
such as electroplating of connective patterns, surface
metalluregy, solder deposition or the like. Depending on the
design and connectivity of the test pads through the substrate
53 and TSM thin film layers, TSM pads may be treated 1n
such a manner either uniformly for all pads or selectively for
groups or single pads.

It should also be understood that test pad 60 can be
allowed to remain in place and accessible as may be desir-
able for later field testing and diagnostics. If accessibility 1s
not desired, test pads 60 and connections thereto 70b, it
exposed, can be covered by micro-passivation (e.g. filling
apertures 60' with polyimide or other passivation material)
or by disconnecting them by severing of connection 70b.
Alternatively, either or both of test pads 60 and/or redundant
test pads 61 can be used for localized chemical or mechani-
cal testing. In this latter regard, it should be noted that the
results of chemical and/or mechanical testing are somewhat
more meaningiul since connection 70 has allowed the pad to
serve as a connection during testing and 1s known to be a

properly formed conductor representative of other conduc-
tors in the BSM.

In view of the foregoing, 1t 1s seen that the invention
provides for full protection from mechanical or chemical
damage or contamination of the BSM pads 40, 57 during
formation of TSM layers and in-line voltage plane testing.
Metallurgy which differs from that for pads of the BSM
contact array may be used for the test pads to avoid
compromise of other processes such as pin brazing later
required to complete the package.

While the immvention has been described in terms of a
single preferred embodiment, many variations thereon
including application at a plurality of different stages of
BSM and TSM processing as will be evident to those skilled
in the art in view of the foregoing description. For example,
numerous sultable manufacturing variations will be evident
to those skilled 1n the art 1n view of the above description of
a preferred form of the invention and representative varia-
tions thereon. As alluded to above, the invention may be
employed in TSM during formation and testing of BSM
layers by applying a passivation layer 130 or thin film layer
56 as a passivation layer over contacts 40, carrying out the
TSM processing and testing, then forming BSM pads §7 and
via connections to pads 40 though openings then formed 1n
layer 56 by physical evaporation or other deposition pro-
cesses. Further BSM layers can also be later added 1n similar
fashion.

In this regard, the invention may be advantageously
employed to extend the thoroughness of in-line tests pos-
sible since the TSM distribution layers will, to the extent
permitted 1n the design by critical interconnection paths,
allow progressively more surface space to be utilized for test
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pads 1n the TSM as further layers are added and capture pad
patterns reduced 1n area to correspond to chips. Therefore, it
1s projected that the invention may be advantageously
applied 1n an alternating fashion to both TSM and BSM
layer formation of a multi-layer interconnection structure
which includes at least a multi-layer substrate and any
previously applied top side or bottom side layers including,
connections as multi-layer modular circuitry packages
become more complex to limit costs and increase manufac-
turing yield.

Therefore, 1t will be evident to those skilled 1n the art that
the mvention can be advantageously practiced with modi-
fication within the spirit and scope of the appended claims.

Having thus described my invention, what we claim as
new and desire to secure by Letters Patent 1s as follows:

1. A method of manufacturing a multi-layer modular
clectronic circuit package including the steps of

forming an array of pads and an additional pad outside
said array of pads on a first surface of a multi-layer
interconnection structure, said additional pad being
clectrically connected to a pad of said array of pads,

applying a protective layer over said array of pads,

applying a layer including an electrical connection on a
seccond surface of said multi-layer interconnection
structure,

making a temporary connection to said additional pad for
testing of said layer including said connection included
by said layer,

removing a portion of said protective layer, and

completing said multi-layer modular electronic circuit
package.
2. A method as recited 1n claim 1, including the further
step of

forming a connection between said pad of said array of
pads and said additional pad on a surface of said
multi-layer interconnection structure.
3. A method as recited 1n claim 1, including the further
step of

forming a connection between said pad of said array of
pads and said additional pad within said multi-layer
interconnection structure.

4. A method recited 1n claim 3, wherein said connection
includes a portion of a connection between said pad of said
array of pads and said electrical connection included by said
layer on said second side of said multi-layer interconnection
structure.

5. A method recited i claim 1, including the further step

of

providing a current through said test pad, said multi-layer
interconnection structure and a connection on said layer
on said second side of said multi-layer interconnection
structure.

6. A multi-layer electronic interconnection structure
including

an array of pads on a surface of a layer of said multi-layer
Interconnection structure,

a test pad on said surface of a layer of said multi-layer
Interconnection structure,
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an electrical connection between said test pad and a pad
of said array of pads, and

a protective layer covering said array of pads,

whereby said array of pads may be protected while

temporary connections are made to said test pad.

7. An electronic structure as recited in claim 6, wherein
said electrical connection 1s on said surface of said layer of
said multi-layer interconnection structure.

8. An electronic structure as recited 1n claim 6, wherein
said electrical connection 1s formed internally of said multi-
layer interconnection structure.

9. An electronic structure as recited in claim 8, further
including an additional electrical connection formed inter-
nally of said multi-layer interconnection structure.

10. An electronic structure as recited 1n claim 6, further
including

connection structures on another surface of said electronic

interconnection structure opposite said surface of said
layer and connected to respective pads of said array of
pads.

11. A multi-layer electronic circuit package including

an array of connection structures on a surface of said
clectronic circuit package and extending within said
clectronic circuit package, said connection structures of
said array of connection structures mcluding a pad on
a surface of a layer of said multi-layer layer electronic
circuit package,

a test pad on said layer of said multi-layer electronic
circuit package located outside said array of intercon-
nection structures,

a protective layer having an aperture at a location of said
test pad and covering said pad on said surface of said
layer, and

an electrical connection from said test pad to one of said
connection structures of said array of connection struc-
tures.

12. An electronic circuit package as recited in claim 11,
wherein said electrical connection 1s on said surface of said
layer of said multi-layer interconnection structure.

13. An electronic circuit package as recited in claim 11,
wherein said electrical connection 1s formed internally of
said multi-layer interconnection structure.

14. An electronic circuit package as recited 1n claim 13,
further including an additional electrical connection formed
internally of said multi-layer iterconnection structure.

15. An electronic circuit package as recited in claim 11,
further including

an 1nsulating layer including at least one via, and

a connection pad overlying a connection structure of said
array ol connection structures and connected to said
connection structure through said via in said insulating,
layer.

16. An electronic circuit package as recited in claim 11,
whereln said interconnection structures include connection
structures on another surface of another layer opposite said
surface of said layer of said multi-layer electronic circuit
package.
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